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The study on deflagration-to-detonation transition (DDT) is very important because this mechanism 
has relevance to safety issues in industries, where combustible premixed gases are in general use. 
However, the quantitative prediction of DDT is one of the major unsolved problems in combustion 
and detonation theory to date. In this paper, the DDT process is studied theoretically and the critical 
condition is given by a concise theoretical expression. The results show that a deflagration wave 
propagating with about 60% Chapman-Jouguet (C-J) detonation velocity is a critical condition. This 
velocity is the maximum propagating velocity of a deflagration wave and almost equal to the sound 
speed of combustion products. When this critical conation is reached, a C-J detonation is triggered 
immediately. This is the quantitative criteria of the DDT process. 
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1. Introduction 
It is generally known that combustion waves propagating in a premixed detonable mixture can 
be classified into two modes, either deflagration or detonation. The detonation wave is initiated by 
two ways, one is direct initiation, and the other is deflagration-to-detonation transition (DDT). The 
direct detonation initiation needs extremely high ignition energy supplied to the premixed detonable 
mixture.  Once the detonation is initiated directly, it will propagate self-sustainable with a Chapman-
Jouguet (C-J) detonation velocity. 
Most of the detonation initiation is imitated by the DDT process. The flame is ignited by a 
small amount of energy at the initial stage and then the flame front is accelerated by natural or 
artificial reasons from laminar flame with velocities at the level of some meters per second to 
turbulent flame with speeds at the level of a hundred meters per second. Under certain critical 
conditions, the DDT process can occur and the C-J detonation is triggered immediately. There is a 
critical threshold inherent in the DDT process. Sufficient evidence from the previous studies 
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indicates that the deflagration velocity has to reach some quasi-steady critical value which is 
relatively repeatable before the DDT process abrupt.  
The DDT process has attracted considerable research interest. Over the last half century, many 
experimental and numerical studies were conducted for detonation onset and DDT process to test a 
wide range of initial and boundary conditions. The DDT was first observed in experiments by 
Brinkley and Lewis [1]. Then, Oppenheim and his coworkers did much work and had a deep insight 
into DDT process [2-4]. Excellent reviews that summarize our understanding to date have been given 
by Lee and Moen [5] Shepherd and Lee [6], and Zhao et al [7]. 
In the experiments, the flame is usually accelerated by putting obstacles or spiral-coils into 
smooth tubes, and turbulence plays an important role in DDT [2-4, 8-11]. But, the mechanism of the 
inherent threshold in DDT is not known to date. It should be noted that the DDT process is very 
complex and transient, and the complex mechanism cannot be observed in experiments. Numerical 
simulations have been done extensively in recently years [12-16], but the mechanism is still unknown. 
Since the flame acceleration involves all mechanisms that are sensitive to different initial and 
boundary conditions, it seems nearly impossible to have a universal theory to describe the DDT 
process [15]. 
It is a common point of view that the obstacles create turbulence and the turbulence enhances 
the coupling between turbulent flame and incident shock wave. Lee proposed a mechanism of Shock 
Wave Amplification by Coherent Energy Release (SWACER) [17] to explain this phenomenon. It can 
be observed both in experiments and numerical simulations that the DDT process always occur 
when the velocity of deflagration reaches about 50% C-J detonation velocity, which is about the 
sound speed of the combustion products[18-23]. No deflagration wave with a speed faster than 50% C-
J detonation velocity has been observed in practice.  It is obviously that this is a critical state.  
The quantitative prediction of DDT is very important to industries because detonation has very 
destructive power. It is one of the major unsolved problems in combustion and detonation theory. It 
is also an extremely interesting and difficult scientific problem because of the complex nonlinear 
interactions among the different contributing physical processes, such as turbulence, shock 
interactions, and energy release. It is not surprising, therefore, that a quantitative criterion of DDT 
process has not been yet derived. Such a criteria is necessary for various estimates of the explosion 
hazard of combustible systems in practice. In this paper, the DDT process is theoretically analyzed 
and the theoretical expression about this critical condition is given. 
 
2. Theoretical Analysis 
The DDT process in a smooth tube is analyzed in this paper. The structure of the deflagration 
wave is a leading shock wave (SW) followed by a flame surface. Figure 1 gives the structure of a 
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where, 1M is the Mach number of the leading shock wave, γ is the specific heat ratio, 1p and 1T
are the initial pressure and temperature in region 1, respectively. And 2p and 2T are the pressure 
and temperature in region 2, respectively.  
In order to determine the pressure rise after combustion, we suppose that the time scale of heat 
release is very shot and can be neglected compared with the flow time scale, and the combustion 
process is a constant-volume combustion process. Therefore, the pressure 3p  can be calculated by 
Eq.(3),  
3 0
2 2
p T
p T
=                                                           （3） 
where, 0T is the total temperature of constant-volume combustion. 
In addition, we choose the pressure as the controlling parameter of the critical state, the 
relationship is given by Eq.(4),  
3
ZND
1
p p
p
=                                                        （4） 
where, ZNDp is the nondimenstional von Newman spike of a C-J detonation.  
Combining the Eqs.(1)-(4), we can easily obtain the theoretical results for this critical 
condition by Eq.(5),  
2
1 1
ZND2
1 0
6 =
5
M Tp
M T+                                                       （5） 
From Eq.(5), we can find that, for a C-J detonation whose von Newmann pressure spike is 
certain, the Mach number of the deflagration wave is only determined by the combustion energy 
release.  This is the key mechanism of the DDT process. The von Newmann spike can be calculated 
by Eq.(6),  
2 2
CJ CJ
ZND
7 1 7
6 6
M Mp −= ≈                                              (6) 
Finally, we obtain the critical criterion for DDT process by Eq.(7),  
22
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propagating velocity of a deflagration wave. This analysis reveals that a C-J detonation can be 
considered as a superposition of two shock waves propagating in the same direction and this is a 
unique solution.  
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